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INTRODUCTION
Diabetes mellitus is a lifelong condi-

tion requiring continuous medical care. 
Type-2 diabetes mellitus (T2DM), which 
accounts for approximately 90% to 95% of 
all diagnosed diabetes, is a progressive 
disease resulting from an insulin secre-
tory defect characterized by insulin resis-
tance and some degree of insulin defi -
ciency.1 Chronic long-term hyper glycemia 
associated with diabetes causes serious 
complications, including blindness, kid-
ney failure, amputations, and death. The 
incidence of diabetes has increased dra-
matically in the United States over the last 
three decades, from 5.6 million cases to 
21 million diagnosed cases in 2012. If this 
trend continues, one in three Americans 
will be diagnosed with diabetes by 2050.2,3

The prevalence of T2DM has a tremen-
dous impact on obesity, which is a growing 
problem for America’s health care system. 
Because of the rise in obesity, there is a 
heightened demand for researchers to 
develop drug therapies that are effective in 
treating hyperglycemia as well as promot-
ing weight loss.2 Despite current available 
therapies, about 50% of U.S. patients are 
unable to achieve their goals for glycosyl-
ated hemoglobin (HbA1c).4 Metformin, a 
biguanide, is the preferred oral hypogly-
cemic agent for initial therapy in patients 
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with T2DM. A majority of patients will 
progress to combination therapy involving 
other oral agents or insulin to be taken 
with metformin.5 Metformin is the pre-
ferred medication because it has high 
effi cacy in reducing HbA1c levels by 1.5 
to 2 percentage points  and fasting plasma 
glucose (FPG) levels by 60 to 80 mg/dL, as 
well as reducing plasma triglyceride levels 
and low-density lipoprotein-cholesterol 
levels by 8% to 15%.6

Due to declining beta-cell function, 
the majority of those who have initial 
success with metformin will eventually 
require one or more additional agents 
to achieve their treatment goals. The 
American Diabetes Association recom-
mends that if patients do not achieve the 
goal of an HbA1c of less than 7% after 
maximal metformin and lifestyle changes 
for three months, additional therapy is 
indicated.7 Several options for further 
oral therapy exist. Agents that can be 
added to metformin include: sulfonyl-
ureas, thiazolidinediones, glucagon-like 
peptide-1 receptor agonists, dipeptidyl 
peptidase-4 inhibitors, sodium-glucose 
cotransporter 2 (SGLT2) inhibitors, and 
insulin. Patient preference determines 
the second-line treatment choice of med-
ications after metformin; the decision 
should be individualized depending on 
the degree of hyperglycemia present, 
the patient’s risk for hypoglycemia, the 
patient’s body mass index, and the risk 
for further weight gain.6

Empaglifl ozin (Jardiance, Boehringer 
Ingelheim), an SGLT2 inhibitor, is part 
of the newest class of oral hypoglyce-
mic agents, which includes canaglifl ozin 
(Invokana, Janssen) and dapaglifl ozin 
(Farxiga, AstraZeneca/Bristol-
Myers Squibb). In August 2014, 
empaglifl ozin became the most 
recent medication in its class to 
be approved by the Food and Drug 
Administration. Empaglifl ozin has a 
low side-effect profi le when used in 
combination with other anti diabetic 

medications.8 There is little risk of hypo-
glycemia with empaglifl ozin because the 
mechanism of action is independent of 
beta-cell function and insulin pathway.5

Empaglifl ozin is indicated for the 
improvement of glycemic control in con-
junction with diet and exercise in adults 
with type-2 diabetes mellitus.8

PHARMACOLOGY
The kidney plays an important role 

in glucose homeostasis via its produc-
tion, utilization, and most importantly 
reabsorption of glucose from glomerular 
fi ltrate, which is mediated via SGLT2.9

SGLT2 facilitates an estimated 90% of 
renal glucose reabsorption. Inhibition of 
SGLT2 increases urinary glucose excre-
tion (UGE) by the kidney, resulting in 
a reduction of plasma glucose levels in 
an insulin-independent manner. Empa-
glifl ozin is a highly potent, selective, com-
petitive inhibitor of SGLT2 approved as 
a treatment for T2DM in patients with 
normal kidney function. Empaglifl ozin is 
an orally active tablet referred to chemi-
cally as D-Glucitol,1,5-anhydro-1-C-[4-
chloro-3-[[4-[[(3S)-tetrahydro-3furanyl]
oxy]phenyl]methyl]phenyl]-, (1S). The 
chemical structure is C23H27ClO7, with a 
molecular weight of 450.91 g/mol (Fig-
ure 1). In a preclinical study conducted 
by Grempler et al., empaglifl ozin had 
the highest selectivity for SGLT2 over 
SGLT1 (more than 2,500-fold), compared 
to dapaglifl ozin (more than 1,200 fold) 
and canaglifl ozin (more than 250-fold).10

In patients with T2DM, empaglifl ozin 
lowered fasting and postprandial glucose 
levels by: 1) increasing total glucose 
excretion; 2) improving beta-cell function; 

Figure 1  Structural Formula of Empaglifl ozin11 
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and 3) shifting substrate utilization from 
glucose to lipid, despite a compensatory 
increase in endogenous glucose produc-
tion. In patients with T2DM, increases 
in urinary glucose excretion have been 
observed after a single dose of empa-
gliflozin, with total glucose excretion 
increasing 11-fold with the 10-mg dose, 
18-fold with the 25-mg dose, and 14-fold 
with the 100-mg dose compared with 
placebo. Empagliflozin produced a 36% 
to 45% inhibition of glucose reabsorption 
after a single dose and maintained 36% 
to 48% inhibition after 27 days of daily 
administration.12

Empagliflozin inhibited reabsorption of 
up to 40% of filtered glucose at single daily 
doses of 0.5 mg to 10 mg, rising to 40% to 
60% inhibition of filtered glucose at higher 
doses and reaching a plateau at around 
the 100-mg dose. When empagliflozin was 
administered with food, there were no 
relevant effects on UGE. The mean cumu-
lative UGE was 71.7 g in a fasting state 
compared with 75.9 g in a fed state with the 
50-mg empagliflozin dose over 24 hours 
following oral administration. All doses of 
empagliflozin exhibited higher amounts 
of glucose excretion when compared with 
placebo in the single rising-dose study. 

PHARMACOKINETICS
Empagliflozin is an orally active, selec-

tive inhibitor of SGLT2 with a bioavail-
ability of 78%, no active metabolites, and 
very limited drug–drug interactions.11 

Absorption11

After consumption of a high-fat and 
high-calorie meal, oral administration 
of empagliflozin 25 mg resulted in a 16% 
decrease in the area under the curve and 
a 37% decrease in the peak concentra-
tion (Cmax) compared with administra-
tion in the fasted state, although these 
changes are not considered to be clini-
cally important. After oral administration, 
empagliflozin exhibits rapid absorption, 
reaching peak levels 1.5 hours after a 
single dose. 

Distribution11

Empagliflozin is 86.2% protein-bound 
in healthy volunteers and distributed to 
tissues and fluids. Approximately 36.8% of 
empagliflozin is partitioned into red blood 
cells in healthy volunteers. Empagliflozin 
has a population-based volume of distribu-
tion of approximately 73.8 L at steady state. 

Metabolism11

Empagliflozin is primarily metabolized 
by glucuronidation by UGT2B7, UGT1A3, 
UGT1A8, and UGT1A9. There are no 
major metabolites of empagliflozin in 
the plasma; however, three conjugates 
were found with each metabolite, con-
sisting of less than 10% of the total drug 
in circulation.

Excretion11 
Empagliflozin exerts renal excretion; 

approximately 54.4% of a radio-labeled 
dose of oral empagliflozin was retrieved 
in the urine, half of which was identi-
fied as unchanged drug. Approximately 
41.2% of the radio-labeled dose of oral 
empagliflozin was recovered in the 
feces, most of which was identified as 
unchanged drug. The total body clear-
ance of empagliflozin is 10.6 L per hour 
and the expected half-life of empagliflozin 
is around 12.4 hours. The long half-life of 
empagliflozin permits once-daily dosing. 

CLINICAL TRIALS
Empagliflozin as Monotherapy13

To evaluate the efficacy and safety of 
empagliflozin monotherapy, 986 patients 
with T2DM participated in a double-blind, 
placebo-controlled study. Patients who 
were treatment-naïve with inadequately 
controlled T2DM entered an open-label 
placebo run-in period for two weeks. 
Patients who remained poorly controlled 
at the end of the run-in period and had 
an HbA1c between 7% and 10% were 
randomized to placebo, empagliflozin 
10 mg, empagliflozin 25 mg, or a refer-
ence comparator. At week 24, patients 
treated with a daily dose of empagliflozin 
10 mg or 25 mg had significant reduc-
tions in HbA1c, body weight, and systolic 
blood pressure compared with placebo. 
Results of the primary endpoint showed 
placebo-adjusted reductions in HbA1c 
from baseline to week 24 of 0.74 percent-
age points (P < 0.001) and 0.85 percentage 
points (P < 0.001) for the empagliflozin 
10-mg and 25-mg doses, respectively. 
Patients treated with empagliflozin 10 mg 
and 25 mg showed significant placebo-
adjusted decreases in body weight of 
1.93 kg (P < 0.001) and 2.15 kg (P < 0.001). 
Results also showed placebo-adjusted 
reductions in systolic blood pressure of 
2.6 mm Hg (P = 0.023) for empagliflozin 
10 mg and 3.4 mm Hg (P = 0.003) for 
empagliflozin 25 mg. The incidence of 

genital infections was higher in patients 
treated with empagliflozin compared with 
placebo—4.2% with empagliflozin 10 mg 
and 3.6% with empagliflozin 25 mg com-
pared with 0.7% with placebo.

Empagliflozin With Metformin14

A randomized, double-blind, placebo-
controlled, 12-week trial was conducted 
involving 495 participants between 18 
and 80 years of age from 16 countries 
who were inadequately controlled on 
metformin alone or metformin in com-
bination with another oral antidiabetic 
(OAD) agent. Metformin use in these 
patients required a maintenance dose of 
1,500 mg per day or greater, not exceed-
ing the maximum tolerated dose. HbA1c 
requirements were as follows: for patients 
on metformin monotherapy, an HbA1c 
of 6.5% to 9%; for patients who were on 
metformin and another OAD medica-
tion prior to the study and for all other 
patients at the beginning of the placebo 
period, an HbA1c of 7% to less than 10%. A 
four-week washout period was required 
for patients who were taking another 
antidiabetic medication with their met-
formin. Metformin was continued dur-
ing the washout phase of the other OAD 
agent. For the study, patients were given 
either a placebo, empagliflozin 1, 5, 10, 
25, or 50 mg, or sitagliptin 100 mg once 
daily with or without food. Sitagliptin was 
added to provide a clinical perspective 
in comparison to other OAD agents and 
to assess the sensitivity of the trial. The 
primary endpoint evaluated was a change 
in HbA1c from baseline to week 12. The 
secondary endpoints evaluated were a 
change in HbA1c over time, the change 
in FPG and body weight from baseline 
to week 12, and the proportion of par-
ticipants who achieved an HbA1c of 7% or 
less or whose HbA1c decreased at least 
0.5 percentage points at week 12. 

Overall, the study revealed that empa-
gliflozin administered once daily as add-
on therapy with metformin resulted in 
clinically significant decreases in HbA1c, 
FPG, and body weight compared to the 
placebo, with the largest reductions seen 
in the 10-, 25-, and 50-mg formulations. 
The 10-, 25-, and 50-mg doses of empa-
gliflozin achieved reductions in HbA1c 
levels of –0.56, –0.55, and –0.9, respec-
tively (P < 0.0001); this was better than or 
comparable to 100 mg of sitagliptin, which 
had a reduction of only –0.45 (P < 0.0001). 
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Empagliflozin was well tolerated overall 
with minimal side effects, such as uri-
nary tract infections in 14 individuals 
(4% of the study population), mainly in 
females. Other genital infections, also 
occurring in 14 individuals, were self-
reported and considered to be mild or 
moderate. Although this side effect is 
seen in other SGLT2 inhibitors, the geni-
tal infections in this study occurred at a 
lower frequency compared with other 
SGLT2 inhibitors and were equivalent 
between male and female patients. One 
case of nausea due to the study drug 
was reported in the 10-mg empagliflozin 
group. The study was discontinued early 
in nine patients taking empagliflozin 
because of unspecified adverse events: 
two in the 1-mg group, four in the 10-mg 
group, and three in the 50-mg group. 

Empagliflozin With Insulin11,15

Empagliflozin was investigated as an 
add-on treatment in adults with T2DM on 
basal insulin during a 78-week, random-
ized, double-blind, placebo-controlled 
trial. Patients were randomized to receive 
a placebo (n = 170), empagliflozin 10 mg 
(n = 169), or empagliflozin 25 mg (n = 155). 
The study included an initial 18-week 
fixed insulin dose period, after which the 
dose was adjusted at investigator discre-
tion. The primary endpoint evaluated at 
week 18 was a change from baseline in 
HbA1c. Secondary endpoints assessed 
with empagliflozin at week 78 included 
a statistically significant decrease in 
HbA1c, insulin sparing, and reductions 
in body weight compared with placebo. 
At week 18, placebo-adjusted reductions 
in HbA1c for empagliflozin 10 mg and 
25 mg were 0.6 and 0.7 percentage points, 
respectively (P < 0.001). At week 78, the 
empagliflozin 10-mg and 25-mg arms 
had HbA1c reductions of 0.4 and 0.6 per-
centage points (P < 0.001). In addition 
to reductions in HbA1c at week 78, the 
placebo-adjusted required daily insulin 
dose was decreased by 6.7 IU and 6.0 IU 
for empagliflozin 10 mg (P = 0.002) and 
25 mg (P = 0.009), respectively. The pla-
cebo arm showed an increase of 5.5 IU 
from baseline. Results also showed a 
reduction in body weight of 2.4 kg for 
both empagliflozin 10 mg and 25 mg, 
compared with an increase of 0.7 kg for 
placebo. Further analysis showed reduc-
tions in FPG and systolic blood pressure. 
Reports of hypoglycemia were similar: 

36.1% for patients on empagliflozin 10 mg 
and 25 mg and 35.3% for placebo. Adverse 
events, such as urinary tract infections, 
were reported in 14.8%, 11.6%, and 8.8% 
of patients receiving empagliflozin 
10 mg, empagliflozin 25 mg, and placebo, 
respectively.

SAFETY AND TOLERABILITY
Adverse Drug Events

Severe hypoglycemia is limited when 
empagliflozin is administered alone or 
in combination with metformin alone, 
metformin with a sulfonylurea, or pio-
glitazone with or without metformin. 
However, the risk of hypoglycemia is 
increased when empagliflozin is used in 
combination with insulin secretagogues 
or insulin.11 Chances of genital mycotic 
infections and urinary tract infections 
(Table 1) rise with consumption of this 
drug; therefore, patients should be moni-
tored closely if they are at risk or have 
a history of any of these adverse drug 
events.11,14,15

Contraindications 
Empagliflozin is contraindicated in 

patients with serious hypersensitivity 
to any components of the formulation, 
severe renal impairment (estimated 
glomerular filtration rate [eGFR] less 
than 30 mL/min/1.73 m2), end-stage 
renal disease, or dialysis. Empagliflozin 
should not be initiated if eGFR is less 
than 45 mL/min/1.73 m2.11

Drug Interactions
Drug–drug interactions were evalu-

ated in an open-label, randomized, cross-
over study of healthy patients with T2DM. 
Empagliflozin was administered with 
medications commonly used by T2DM 
patients. Clinically relevant interactions 
were not observed between empagliflozin 
and digoxin, linagliptin, metformin, 
ramipril, sitagliptin, verapamil, warfarin, 
or a combined oral contraceptive (ethinyl 
estradiol/levonorgestrel). Dose adjust-
ments were not necessary for any drug 
combinations studied.11

DOSAGE AND ADMINISTRATION
Empagliflozin is administered at an 

initial dose of 10 mg orally in the morning, 
with a gradual increase to a maximum 
dose of 25 mg once daily if necessary.11

COST
The average wholesale price (AWP) 

for a 30-day supply of empagliflozin in 
10-mg or 25-mg dosages is $411. As of 
May 2015, the AWPs for canagliflozin and 
dapagliflozin were virtually the same as 
that of empagliflozin. AWPs for SGLT2 
inhibitors available in the United States 
are shown in Table 1.16

P&T COMMITTEE 
CONSIDERATIONS 

Empagliflozin is the latest SGLT2 
inhibitor to be approved by the FDA 
for use in adults with type-2 diabetes as 
an adjunct to diet and exercise. Clinical 
trials have evaluated empagliflozin as 
monotherapy as well as in combination 
with metformin, pioglitazone, glyburide, 
and insulin. Patients newly diagnosed 
with diabetes as well as those with inade-
quate glycemic control on multiple-drug 
therapy have experienced reductions of 
HbA1c with empagliflozin therapy. Mean 
baseline HbA1c values of patients receiv-
ing empagliflozin in clinical trials have 
ranged from 7.9% to 9.3%, and mean HbA1c 
reductions with therapy have ranged from 
0.4 to 0.9 percentage points.4 While no 
direct comparative clinical trials have 
been conducted with empagliflozin and 
other SGLT2 inhibitors, a review of clini-
cal trials suggests that all have compa-
rable efficacy and tolerability. There does 
not appear to be a therapeutic advan-
tage of using one SGLT2 inhibitor over 
another. However, empagliflozin shows 
a decreased incidence in genital mycotic 
infections in men and women compared 
with other SGLT2 inhibitors. In addition, 
the precautions associated with the other 
SGLT2 inhibitors, such as dapagliflozin’s 
increased risk of bladder cancer and cana-
gliflozin’s higher risk of genital infections 
(more than 10%), may make empagliflozin 
preferable in specific situations. 

Similar to the two SGLT2 inhibitors 
that were already available (dapagliflozin 
and canagliflozin),10 empagliflozin has 
favorable pharmacokinetic properties, 
such as a long half-life allowing once-daily 
dosing, no active metabolites, and limited 
drug–drug interactions. Similar to the 
other SGLT2 inhibitors, empagliflozin is 
dosed once daily without regard to meals, 
decreases weight, and has a low incidence 
of hypoglycemia.10 Empagliflozin is pre-
dominately eliminated renally. 
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CONCLUSION 
Clinical trials have demonstrated the 

efficacy and safety of empagliflozin as 
monotherapy and combination therapy 
in patients with T2DM. Empagliflozin 
lowers HbA1c approximately 0.8 percent-
age points and is generally well toler-
ated. Its side-effect profile is similar to 
that of other SGLT2 inhibitors. The cost 
of empag liflozin is comparable to other 
SGLT2 inhibitors but higher than met-
formin or sulfonylureas. Empagliflozin 

provides another oral option for diabetes 
patients inadequately controlled on or 
unable to take metformin. Empagliflozin 
may not be the most effective monother-
apy for patients with uncontrolled diabe-
tes and is on a par with the other SGLT2 
inhibitors for efficacy and safety. The 
long-term effects of this class of drugs 
on the urinary tract remain to be seen, 
since such medications have been on 
the market only since March 2013. The 
FDA is requiring four post-marketing 

studies for empagliflozin to obtain data 
from long-term, clinical-outcomes-based 
studies and further clarify the safety of 
empagliflozin in patients with T2DM.8
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Table 1  Key Features of SGLT2 Inhibitors 

Product Empagliflozin11 Canagliflozin17 Dapagliflozin18

Cost of a 30-day supply16* 10-mg and 25-mg tablets: $411 100-mg and 300-mg tablets: $411 5-mg and 10-mg tablets: $412

Usual daily dose 10 mg daily in the morning; may  
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100 mg daily before the first meal; may  
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5 mg daily in the morning; may  
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Warnings/precautions •	 Increased risk of genital mycotic 
infection

•	 Increased risk of hypoglycemia 
with insulin secretagogues or 
insulin 

•	Symptomatic hypotension

•	 Increased risk of genital mycotic  
infection

•	 Increased risk of hypoglycemia with 
insulin secretagogues or insulin 

•	Symptomatic hypotension
•	Hyperkalemia increased in patients 

with moderate renal impairment who 
take potassium-sparing diuretics or 
drugs that alter RAS 

•	 Increased risk of genital mycotic 
infection

•	 Increased risk of hypoglycemia with 
insulin secretagogues or insulin 

•	Symptomatic hypotension 
•	Malignant tumor of urinary bladder  

(0.17%); should not be used in patients  
with active bladder cancer and should  
be used with caution in patients 
with a history of bladder cancer

Common adverse events •	Urinary tract infection (7.6%–9.3%)
•	Female genital mycotic  

infections (5.4%–6.4%)
•	Male genital mycotic infections 

(1.6%–3.1%)
•	 Increased urination (3.2%–3.4%)
•	Nausea (1.1%–2.3%)
•	Nasopharyngitis (3.1%–4%)
•	Polydipsia (1.5%–1.7%)

•	Urinary tract infection (4.3%–5.9%)
•	Female genital mycotic infections 

(10.4%–11.4%)
•	Male genital mycotic infections 
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•	 Increased urination (4.6%–5.3%)
•	Nausea (2.2%–2.3%)
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•	Abdominal pain (1.7%–1.8%)
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•	Nasopharyngitis (6.3%–6.6%)
•	Constipation (1.9%–2.2%)
•	Discomfort with urination  

(2.6%–2.1%)
•	Extremity pain (1.7%–2%)

Drug interactions No significant clinical interactions 
noted 

•	Canagliflozin exposure is reduced with 
rifampin, phenytoin, phenobarbital, 
ritonavir. Consider increasing dose 
from 100 mg to 300 mg.

•	Digoxin: Monitor digoxin levels.

No significant clinical interactions 
noted 

Combination products None Canagliflozin/metformin (Invokamet, 
Janssen)

Dapagliflozin/metformin (Xigduo, 
AstraZeneca) 

* Based on average wholesale price of the usual daily dose rounded to the nearest dollar

eGFR = estimated glomerular filtration rate; RAS = renin-angiotensin system
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